The evaluation of clubfoot should be undertaken mainly on the clinical basis because many studies have shown no consistent relationship between radiographic appearance and the functional outcome in the evaluation of clubfoot. Foot bimalleolar angle (FBM) is a simple, objective and reproducible criterion that can be used to evaluate the results of treatment. This study was done to establish the normal FBM angle on foot tracing of normal Jordanian population, to calculate FBM angle in resistant congenital talipes equinovarus (CTEV) before and after surgery and to correlate it with the clinical results. The FBM angle of 200 feet in 100 normal infants (50 male and 50 female) ranging in age from 1 month to 12 months was determined. In a 15 year period (1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003), 102 (72 male, 30 female) out of 215 patients with resistant clubfeet who were treated surgically in Princess Basma Teaching Hospital and King Abdullah University Hospital (KAUH), Irbid-Jordan, were available at the final follow up visit. The patients were divided according to the type of surgical correction into 2 groups: the first group consisting of 60 patients (75 clubfeet) were treated by complete subtalar release as described by Simons. The second group consisting of 42 patients (50 clubfeet) were treated by Turco posteromedial release. At the latest follow up FBM angle for the 2 groups was determined. Clinical evaluation of the 2 groups correlated well with FBM angle.
Introduction
The etiology, classification, treatment and evaluation of treatment in resistant congenital talipes equinovarus(CTEV) are still controversial (Cummings and Lovell, 1988; Irani and Sherman,1972) . The pathological anatomy of CTEV is probably the best what we know about this condition. This knowledge was learned from anatomical studies of clubfoot of human fetuses, newborn infants, neglected and untreated cases and from experience gained during surgery (Bensahe et al., 1983; Carol et al., 1979; Dittrich, 1930; Gardner et al., 1959; Ippolito and Ponseti, 1980; Irani and Sherman, 1972; McKay, 1982 Perugiel et al., 1976; Ponseti and Campos, 1972; Settle, 1963; Simons and Sarrasian Shahan, 1983; Thompson et al., 1982; Turco, 1994; Wynne-Davies, 1964) . In CTEV, the ankle is in equines, the heel is in varus, the midfoot is supinated, the forefoot is adducted and the whole foot is bowed medially. The entire talus is in equines, anteriorly displaced and its neck and head are angulated medially and downward. The body of the talus in neglected untreated cases is smaller and narrower. These changes in the talus are due to its encasement and constriction by the bones and soft tissues around it. In CTEV the talus does not move and hence, fails to maintain articular cartilage that normally results from contact and motion with cartilage of the adjoining joints. Lack of motion and encasement of the talus lead to its growth restriction and the extremely small size of the talus in neglected cases. The trochlea tali is dome shaped and lacks cartilage and maintains it only in the proximal one third where it articulates with the cartilage of the distal tibial articular cartilage (Ippolito, 1995; Irani and Sherman, 1972; McKay, 1982; Ponseti and Campos, 1972; Settle, 1963) . Surgical treatment of resistant CTEV is indicated when conservative methods of treatment fail. In the view of the complexity of CTEV pathological anatomy, all deformities should be corrected completely in one surgical session and the biggest danger a surgeon can succumb is to try correcting the deformities with a series of small procedures. From the pathological anatomy, it is obvious that the four displaced bones of tarsus; navicular, talus, calcaneus and cuboid should be reduced to anatomical position. The equines of the talus should be corrected Radiological and clinical evaluations are the two methods used in the evaluation of the treatment of CTEV. Various radiographic angles and parameters have been used, but the lateral talocalcaneal angle is the only angle that is a useful indicator of the extent of correction and it remains the most commonly reported yardstick in the radiological evaluation (Thompson et al., 1982) . Cohen-Sobel (1993) , Mckay (1982 and WynneDavies (1964) questioned whether radiographic appearances have any relation to the clinical assessment. Thompson et al. (1982) found that feet with normal appearance and satisfactory results showed abnormal and persistent radiographic changes. Turco (1971) refused to use the radiographic angles in assessing the results and observed that even in patients with satisfactory final results; the radiographs may still show abnormal changes. Cohen et al. (1993) noted that despite anatomically and radiographically imperfect feet, most patients demonstrated excellent levels of function. There is little concordance of results even between studies citing significant relationships between function and radiographs. Some authors (Hutchins et al., 1985; Laaveg and Ponseti, 1980; Ponseti and Campos, 1972) found that the talocalcaneal index correlated with function, but others failed to reproduce this result. Some authors (Yamamoto, and Furuya, 1988) found that the anteroposterior angle but not the lateral talocalcaneal angle correlated with the functional rating system, where as other authors (Laaveg and Ponseti, 1980; Thompson et al., 1982) found that the lateral talocalcaneal angle, but not the anteroposterior talocalcaneal angle correlated with their measures. Roye et al. (2001) stated that radiographic measures do not predict or reflect the outcome. A recent report studied the relationship between radiographic appearance and the functional outcome and found no consistent relationship. They found a wide range of the talocalcaneal angle in both normal and clubfoot. They warned to view critically any study relying on radiograpraphy and stated that the evaluation of clubfoot should be undertaken mainly on the basis of clinical evaluation which remains the yardstick against which other methods are evaluated (Herbsthofer et al., 1998) . Foot prints or foot tracings were used in the orthopedic literature (Cummings and Lovell, 1988; Jain et al., 2001; McKay, 1982 . Jain et al. (2001) were the only authors who studied the FBM angle in normal infants and concluded that this angle is simple, objective and reproducible criterion to classify the severity of foot deformity and to evaluate the results of treatment. This study was done to establish the normal FBM angle on foot tracing of normal Jordanian population, to calculate FBM angle in resistant CTEV before and after surgery and to correlate it with the clinical results.
Material and methods
To determine the normal FBM angle in Jordanian infants, 200 feet of 100 normal infants ranging in age from 1month to 12 months (50 male and 50 female) were taken. The foot was placed plantigrade on a paper sheet and foot tracing was done. Simultaneously the level of both malleoli was marked by placing the edge of a ruler on the axis of the medial and lateral malleoli. On each tracing the long axis of the foot was drawn between the tip of the heel (the most convex part of the heel) and the second toe, this was intersected by a line joining both malleolus and the anteromedial angle at the intersection was taken as the FBM angle. In a 15 year period (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , 215 patients with resistant clubfeet were treated surgically in Princess Basma Teaching Hospital and King Abdullah University Hospital (KAUH), Irbid-Jordan. Inclusion criteria were; the age of the child should be less than 1 year at the beginning of treatment , failed conservative treatment(manipulation and casting) of 3 to 5 months duration, follow up of at least one year after surgical correction and foot tracing with marked both malleoli before surgery and at the final follow up should be available. Only 102 patients (72 Male,30 female) with 125 clubfeet fulfilled the criteria. The patients were divided according to the type of surgical correction into 2 groups (Table 1) : the first group consisting of 60 patients (75 clubfeet) was treated by complete subtalar release as described by Simons. The second group consisting of 42 patients (50 clubfeet) was treated by Turco posteromedial release. In the complete subtalar release of Simons, Cincinnati incision extending from the first metatarsal bone medially to the calcaneocuboid joint laterally was used, because it enables easy access to any part of the hindfoot and cosmesis is excellent. It consisted of 4 basic stages: the superficial dissection of the medial side of the foot, the dissection of the posterior part, the dissection of the lateral part and the deep dissection of the medial side of the foot. After correction of the deformities, the tarsal bones were fixed by 3 Kirschner wires : one from the center of the talar head back and after navicular reduction it is inserted into the navicular and out between the metatarsal bones. The second Kirschner wire is inserted from the plantar surface of the calcaneus into the talus. The third wire is inserted from the lateral and posterior surface of calcaneus into the cuboid after its lateral displacement. Plaster of Paris was applied from the toes to above 90° flexed knee, leaving the heel area without plaster of Paris. The plaster was splitted anteriorly above the ankle and foot and covered with one roll of plaster. The foot was elevated for the first 24 hours after surgery to decrease edema of the foot. At the beginning of the study, plaster of Paris was changed and Kirschner wires and stitches were removed after 3 weeks. Later in the study, the wires were left for 6 weeks. Turco posteromedial release was performed according to Turco (1971) indications and technique. The wires were kept for 6 weeks also.
Results
The FBM angle in the normal 200 feet of 100 infants (50 male, 50 female) with average age of 6.2 months were obtained ( Table 2 ). The mean angle was 83.1°(SD 1.73) in either foot which was undertaken as the normal angle. The first group of patients (Table 3) : the mean FBM angle in 75 feet of 60 patients (40 male, 20 female) before surgery was 53.9° with range of 50°-65°. The average age at surgery was 9.83 months (6-15 months), the average follow up period was15.47 months (range 1-2 years). At the latest follow up 65 (86.7%) feet have FBM angle between 80°-85° with the mean FBM angle 82.7°, where as in 8 feet (10.7%) the FBM angle was between 75°-78° with mean FBM angle 76.9° and the last 2 feet (2.6%) had a mean FBM angle of 57.5°. In the 65 feet with FBM angle of 82.7°, the feet were completely corrected with normal appearance of the foot. The mean angle of plantar and dorsiflexion were 33° and 19° respectively, while the mean angle of subtalar motion was 20°, in those children who could express themselves about physical activity, all were asymptomatic (49 patients). The patients in the remaining 16 feet were unable to express themselves. The 8 feet with a mean FBM angle of 76.9° were completely corrected, but the ankle motion was limited (mean plantar flexion was 22° while dorsal flexion was 12°). The mean subtalar motion was 13°. The 2 feet with a mean FBM angle of 57.5° were failures. These 2 feet in 2 patients required a new surgery to correct the deformity with good outcome.
The second group (Table 4) : the mean presurgical FBM angle in this group was 55.7° with range of 52°-67°. The average age at surgery was 9.9 months (6-14 months) the average follow up period was 17,94 months ( range 1-2 years). At the latest follow up, in 33 feet (66%) the FBM angle after correction was between 79°-84° with a mean FBM angle 80.2°, whereas in 7 feet (14%) the FBM angle was between 74°-78° with a mean angle of 76.3° and in the last 10 feet (20%) the FBM angle was between 52°-59° with a mean angle of 55.3°. Clinical evaluation of the 33 feet with the FBM angle of 80.2° were completely corrected with 30° and 18° plantar flexion and dorsal flexion respectively, the mean angle of subtalar motion was 18°. All the older children who could express themselves about pain and physical activity were asymptomatic (23 patients). The remaining 10 patients were unable to express themselves. The 7 feet with a mean angle of 76.3° were completely corrected, but with limited ankle and subtalar motion( mean angles for ankle plantar flexion and dorsiflexion were 20° and 10° respectively, subtalar motion was 13°). The last 10 feet with a mean FBM angle of 55.3° were failures; the feet appeared incompletely corrected with significant deformities and sever limitation of ankle and subtalar motion. These feet required revision surgery (complete subtalar release) and obtained satisfactory result except for 2 feet. Complications included skin necrosis of the edges of the skin incision which was common in both groups and the skin healed within 6 weeks after surgery with conservative treatment. Skin slough occurred in 2 feet (in the first group). This occurred at the beginning of the study and it was caused by compression of the plaster. Both were treated by a plastic surgeon. Since then the plaster of Paris was not applied on the heel posteriorly. Loss of fixation and loss of correction occurred in 6 feet (2 in the first group and 4 in the second group). This occurred early in the study when K-wires were removed after 3 weeks, after leaving K-wires for 6 weeks loss of correction was not recorded.
Discussion
Resistant idiopathic CTEV is defined as one which does not respond to continuous manipulation, adhesive strapping and cast fixation for 3 to 5 months (McKay, 1982 . Clinical evaluation remained the yardstick to which other methods are compared (Jain et al., 2001; McKay, 1982 Thompson et al., 1982) . The clinical assessment should include: appearance of the foot, range of motion of the ankle and subtalar joint, presence or absence of symptoms while performing physical activities of daily living and strenuous physical activities, satisfaction of the patient and the family and shoe wear. A decrease in foot size and calf atrophy are closely related to the pathological anatomy of clubfoot and thus are not affected by the mode of treatment and are not considered in the assessment of the clinical results (Thompson et al., 1982) . Kumar (1979) was the first to use foot prints in CTEV to assess the severity of the deformity and the grade of correction achieved, but found no correlation between the two. Cummings et al. (1988) used CT scan to calculate FBM angle, but they did not correlate the severity of the deformity or the grade of correction achieved with FBM angle. Mckay (1982 was the first to use the foot tracing and the FBM as one of the criteria to evaluate clubfoot . He considered an angle of less than 76° an indication for surgery. He used this angle at the completion of correction by holding the tibial and fibular malleolus with the thumb and index finger of the surgeon. The plantar surface of the foot should look normal and FBM angle should be between 85° to 90° at the completion of correction. Jain et al. (2001) were the first who measured the normal FBM in infants and found it to be 82.5°. They also correlate the clinical grade of severity of clubfoot with FBM angle; grade I with 73.2°, grade II with 66.6° and grade III with 54.7°. The mean FBM angle after non-surgical and surgical correction was 82.3° and 79.9°respectively. They concluded that the clinical severity of foot deformity and the results of treatment correlated well with the FBM angle.
In the present study, the foot tracings were taken in every case of resistant clubfoot who were treated by surgical correction for 2 reasons: first, to compare foot tracing before and after surgery to show the family the correction after surgery; second, to measure the FBM angle before and after surgical correction. All the resistant CTEV in this study(125 feet) had mean FBM angle less than 76° and were indicated for surgical correction as advised by McKay (1982 . In this study, the mean angle for the first group was 53.9°(range 50°-65°) and the mean angle for the second group was 55.7° (range 52°-67°). In 65 feet out of 75 feet of the first group the mean FBM angle after surgery was 82.7° and in 33 feet out of 50 feet in the second group the mean FBM was 80.2°. These 98 feet were clinically excellent and appeared normal. Eight feet in the first group and 7 feet in the second group the clinical results were satisfactory and the mean FBM angles were 76.9° and 67.3° respectively. Also the failures in both groups (2 in the first group and 10 in the second group) showed poor clinical results. A statistical analysis was performed for the FBM angle for the normal group, and post operative FBM angle for the first and second groups. A statistical analysis was also performed for the increase in FBM angle, the difference between the post operative FBM angle and the pre operative FBM angle, post operative ankle plantar flexion angle (APFA), post operative ankle dorsal flexion angle (ADFA), and post operative subtalar motion angle (SMA) for the two groups as shown in Table 5 . Figure 1 shows a side by side BoxPlot of the FBM angle of the normal group, and post operative FBM angle for the two groups. Kruskal-Wallis test indicates a significant differences in medians for the three groups (p-value <0.0001). Mann-Whitney test shows a significant decrease in median of the FBM angle for the first group compared to the normal group (p-value=0.004), and for the second group compared to the normal group (p-value<0.00001). Also, a significant increase is noticed in the median for the first group compared to the second group (pvalue < 0.00001). Although a statistical significant decrease was noticed for the first group compared to the normal group, the Box-plot shows some degree of overlap between two groups; the mean and median estimates are 83.1, 83 and 81.39, 83 for the normal and first group, respectively. Thus, it can be concluded that the two groups are relatively close to each other. Figure 2 shows a side by side Box-Plot for the variables for the two groups. The tests indicated that the median for the first group is larger than the median for the second group for the above mentioned r variables (p-values <0.0001), which means that complete subtalar release as indicated by Simon gives better results than posteromedial release of Turco. Investigating statistical correlations among the above variables for the first group, the results indicates an increase in FBM angle yields a significant increase in post operative ankle plantar flexion angle (APFA) (the Pearson correlation r is 0.277, pvalue = 0.016), post operative ankle dorsal flexion angle (ADFA) (the Pearson correlation r is 0.228, p-value = 0.049), and post operative subtalar motion angle (SMA) (the Pearson correlation r is 0.274, p-value = 0.017). Since all the p-values are less than α=0.05, there is a sufficient evidence that the correlations are not zero. Also investigating the correlations among the above variables for the second group, the results indicates an increase in FBM angle yields a significant increase in post operative ankle plantar flexion angle (APFA) (the Pearson correlation r is 0.872, p-value < 0.000), post operative ankle dorsal flexion angle (ADFA) (the Pearson correlation r 0.0.666, p-value < 0.000), and post operative subtalar motion angle (SMA) (the Pearson correlation r is 0.756, p-value < 0.000). Since all the pvalues are less than α=0.01, there is a sufficient evidence that the correlations are not zero. Finally, using the Mann-Whitney test, the analysis indicates that there is no significant differences of medians for the sex variable (males and female), and foot side (left and right) for different groups (at α=0.05).
Conclusion
It can be stated that FBM angle is correlated well with the clinical outcome after surgical correction regardless of the surgical technique used, although, better clinical results were obtained using complete subtalar release than posteromedial release. So, FBM angle is a simple method of assessment that can be used to comment on the severity of TEV and its response to treatment. 
